11. Albert A. On the use and computationof likelihood ratios in clinical chemistry. Clin Chem 1982;28:1113-9.
We could detect skeletal muscle injury early after an acute exercise bout by measuring creatine kinase (CK, EC 2.7.3.2) MM isoforms in serum. Eleven men performed 120 alternating-arm, eccentric (muscle lengthening) biceps contractions with the intensity of each contraction being 110% of maximal concentric strength-a form of exercise previously shown to cause significant increases of CK in serum at 24 h and muscle soreness 48 h after exercise. Total CK and CK.MM isoform activities in serum were determined before and at 0.5, 0.75, 1, 1.5, 2, and 6 h after exercise. Using thin-film agarose gels and a rapid isoelectnc focusing technique, we separated the MM isoforms into MM3 (skeletal muscle form), MM2, and MM1 (in vivo conversion forms). The isoforms reflected the MM form released into the serum from tissue as well as the conversion of one form to another. There were no significant increases in total CK from before to 6 h after exercise: 75 (SD 36) vs 91 (SD 33) U/L. However, CK MM3 in serum increased significantly (P <0.01) within 2 h after exercise from 22 (SD 6)% to 28 (SD 6)%. The MM3 to MM1 ratio also increased significantly (P <0.05) during this time, from 0.6 (SD 0.3) to 0.9 (SD 0.4). Thus, quantification of CK MM isoforms permitted very early detection of skeletal muscle enzyme release.
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Total creatine kinase (CK; EC 2.7.3.2) activities in serum have been investigated extensively to evaluate damage to skeletal and cardiac muscle (1, 2). Assays of serum by sensitive chromatographic (3, 4) and electrophoretic (5, 6) techniques reveal several isoforms of CK-MM, the major CK nomenclature differs from study to study, we use that designating CK.MM3 as the tissue isoform (7) . After release from tissue into the circulation, CK-MM3 is posttranslationally converted by a carboxypeptidase-catalyzed hydrolysis of C-terminal lysine residues into more anodally migrating CK-MM isoforms as follows: CK-MM3 -CK-MM2 -*CK-MM1 (8). After an acute myocardial infarction, CK-MM isoforms have been used to differentiate reperfusion from nonreperfusion (6) or evolving myocardial infarction from angina (9), and to determine approximately when myocardial enzyme release has ended (10). Recently, exercise studies in the form of marathon racing (6) and isometric knee extensions (11) have demonstrated that CK-MM isoforms in plasma provide a useful tool for assessing the time course, duration, and extent of exercise-induced enzyme release from skeletal muscle. To extend the utility of CK-MM isoforms for early detection of enzyme release from exercisestressed skeletal muscle, we compare here the release of total CK and CK-MM isoforms into the circulation after eccentric (muscle lengthening) exercise. By using a convenient quantitative isoelectric-focusing technique, we obtained results for isoform analysis within 70 mm.
MaterIals and Methods
Eleven untrained college-age white men volunteered to participate in the study. All gave informed consent according to the guidelines of the Human Subjects Institutional Review Committee. The subjects were seated on a padded armcurl machine and performed eccentric biceps contractions. The individual weight load for each subject was determined by calculating 110% of his concentric maximal voluntary contraction. Each subject performed a set of 20 contractions, alternating his right and left arms and resting for 10 s after each contraction. After every 20-contraction set, the subject rested for 50 s, then performed another 20-contraction set, and soon, for a total of 120 contractions. The subjects remained sedentary during the 6 h of the study. 
(8).
Total CK activity was determined at 37#{176}C by a modification of the Rosalki procedure, as previously described (1).
We separated the CK-MM isoforms by flatbed isoelectric focusing (IEF), using the "Multiphor 2" system (LKB, Gaithersburg, MD), and precast Isogel agarose IEF gels (FMC BioProduct8, Rockland, ME), pH 3.0 to 10.0. Eight 2-1zL samples were applied directly onto the gel and focused for 20 mm at 1500 V, 20 mA, and 25 W constant power. To quantify the CK-MM isoforms, we overlayered the gel with CK reagent (CKSVR Reagent; Calbiochem Behring, San Diego, CA), incubated for 15 mm at 37#{176}C, then dried the plate for 15 mm and applied scanning densitometry (CliniScan; Helena Laboratories, Beaumont, TX). Total assay time from sample application to report of results for eight specimens was 70 mm. Samples with activities >1000 UIL were diluted with Tris buffer (50 mmol/L, pH 7.2). CK-MM isoforms were identified by their different isoelectric points-MM3 7.05, MM2 6.70, MM1 6.50-and expressed as a percentage of the total CK-MM.
We assessedchanges between sample times for the variables of total CK, CK-MM3, CK-MM1, and the CK-MMWCK-MM1 ratio by repeated measures analysis of variance. Signif icance was set at P <0.05. All data are reported as mean (and SD). Figure 1 shows a representative separation of CK-MM isoforms by agarose IEF as compared with routine electrophoresis. As Figure 2 shows, the total CK activity ranged from 76 to 91 UIL and did not change significantly over the interval investigated. However, the percentage of CK-MM3 (tissue isoform) was significantly increased by 2 and 6 h after the onset of exercise, while that of CK-MM1 (final degradation isoform) was significantly decreased by 6 h after exercise (Figure 3) . Moreover, the ratio of CK-MM3 to CK-MM1 significantly increased, from a baseline of 0.65 (SD 0.35) to 0.90 (SD 0.39) at 2 h and to 1.40 (SD 0.68) at 6 h.
Resufts and DIscussion
CK-MM in human skeletal muscle is >90% CK-MM3 (6). In the present study, the pre-exercise distribution of MMW MM5/MM1 in serum was 16%/32%/52%, in agreement with previous studies (6,9, 11) . The time course of appearance of MM3 in the circulation provides an early index of release of MM3 from the skeletal muscle. Here, the relative proportions of CK-MM isoforms in serum changed rapidly, with a significant increase in MM3 being evident as early as 2 h after eccentric exercise. However, the early release of MM3 from skeletal muscle into serum was not sufficient to affect total CK significantly; it remained within normal limits during the study period. The CK-MM3JMM1 ratio was equally sensitive, being significantly increased 2 h after exercise.
The results of this study are in agreement with a previous study from our laboratory (11) in which there was a significant increase in the percentage of CK-MM3 in plasma 2 h after isometric contraction of knee extension muscles in humans. However, in that study total CK activity was increased by 6 h after exercise. At present we do not understand why we saw no increase in total CK here, considering that the rapid increase of CK-MM3 is probably newly released CK from skeletal muscle.
Increases in serum CK activities after exercise have been recognized since 1965 (12). Since then, numerous investigators have examined which factors-intensity, duration, type, gender, age, etc.-determine these increases in serum CK activity with exercise (12). Total CK activities in serum typically do not increase above baseline for 6 to 12 h after the onset of exercise (1, 11) .
We conclude that resolution of CK-MM isoforms into three separate forms can be used to document isoform release into the serum from skeletal muscle and conversion of one form to another, and thereby to provide an early marker to assess exercise-induced release (or injury) to skeletal muscle. Such findings in the clinical setting must be interpreted with care, because the CK-MM isoform patterns observed in serum after exercise are similar to those observed after acute myocardial infarction in humans (7, 9, 10) and dogs (3). Applications of CK-MM isoform analysis relating to skeletal muscle damage involve exercise intensity, muscle soreness, and overtraining studies.
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